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Abstract — Different methods such as the equivalent earthquake load method, response spectrum analysis,
time domain analysis, and frequency domain analysis are used to determine the seismic behavior of
reinforced concrete (RC) structures. Response spectrum analysis, one of these methods, is frequently
preferred and used by civil engineers. Turkey Building Earthquake Regulations (entered into force on
January 1, 2019) also includes information on the use of this cited method. It is stated that the response
spectrum analysis of RC structures can be performed with horizontal and vertical elastic design spectra to
be generated according to different earthquake ground motion levels and soil classes using the earthquake
hazard map. In this study, a five-story RC building is produced. The produced RC building consists of
structural elements such as columns, beams, slabs, shear walls, and a raft foundation. Modal analysis was
performed by using MATLAB partial differential equation (PDE) toolbox based on the finite element
method. The mode shapes and frequencies of the structure were determined by modal analysis. Then the
obtained analysis results obtained from MATLAB PDE toolbox were compared with the ones obtained by
using ANSYS software.
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I. INTRODUCTION combined to calculate the critical motion of the

Different methods such as equivalent earthquake ~ Structure. When this method is used, results are
load method, response spectrum analysis, time obtained more easily without solving the equations
domain analysis, and frequency domain analysisare  Of motion numerically or implicitly [6]. Also, in

used in obtaining the earthquake behaviour of RC order to use this method, free vibration analysis of
structures. Response spectrum analysis can be the structures must be performed to obtain mode
counted as one of the most preferred and utilized shapes and frequencies. In addition, free vibration
methods for the dynamic analysis of structures ~analysis should also be performed for the damping
under earthquake effects [1-6]. The response Matrix obtained depending on the mass and stiffness
spectrum is a graph of the maximum response of the structure. Nowadays, there are many software

any other quantity of interest) to a given load most of these software are not open source, and for
function for all possible single-degree-of-freedom ~ résearchers working with open-source software
systems. The abscess of the spectrum is the natural ~ Provides many benefits. Software based on the
frequency (or period) of the system, and its ordinate  Finite Element Method (FEM) [7] is preferred for
the amplitude of each mode motion is found from ~Properties, meshing, and initial and boundary
the spectrum curves. These amplitudes are then conditions affect the analysis results while modeling
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the structures with FEM. In this study, the free
vibration analysis of a RC five-storey structure is
carried out with the FEM. The analyses were
performed with both MATLAB PDE toolbox [8]
and ANSYS [9] software and the results were
compared with each other.

Il. MATERIALS AND METHOD

A. MATLAB Partial Differential Equation (PDE)
Toolbox

PDE Toolbox (Fig.1) provides functions for
solving structural mechanics, heat transfer, and
general PDEs using the FEM [8].

Features of this cited toolbox [8] ;

*It can be used to calculate deformations and
stresses.

*For modeling the dynamics and vibration of the
structure, the toolbox has a time-integrating solver
directly.

eIt can analyze the structural properties of a
component by performing modal analysis to find
natural frequencies and mode shapes.

«It can model conductive heat transfer problems
to calculate heat distributions, heat flow and heat
flow rates over surfaces.

eIt can also solve standard problems such as
diffusion, electrostatics, magnetostatics and special
PDEs.
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*Imports 2D and 3D geometries using mesh data.

eIt can automatically create meshes with
triangular and tetrahedral elements.

The PDE toolbox calculates equations in the form
given below [8]

0%u ou
mﬁ+da-7-(cl7u)+au—f (1)
V- (cVu) + au = Adu (@)
V- (cVu) + au = A*mu (3)

solves eigenvalue problems. When solving PDEs,
there are two boundary choices for each edge or
face. Dirichlet boundary conditions performs the
solution equation at the edge or surface.

hu=r 4)
where, h and r are denoting 3D (X, Yy, z) space
functions.  Generalized Neumann  boundary

conditions performs the solution equation at the
edge or surface.

n-(cVu)+qu=g (5)

where, 11 is denoting the unit normal vector. q and g
are functions defined in 0Q depending on (X, y, z) in
3D space.
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Fig. 1. The flowchart of PDE Toolbox [8]

822



B. Application

In this study, a five-storey RC structure is
produced in before cited softwares and free
vibration analyses are performed and compared
with each other. The five-storey RC structure
consists of columns, beams, slabs and a raft
foundation. The geometrical dimensions and
material properties of the structure are given in
Table-1 and Table-2, respectively. C25 concrete
class was assumed for the modeling. In the model,

(@) (b)

Fig. 2 (a) Solid model and (b) FEM of RC structure

linear elastic material behavior was assumed and the
stiffness degradation was neglected. The steel
reinforcing bar was not modeled. The solid model
and FEM of the structure is given in Fig.2. Linear
tetrahedral solid element was used as finite element
meshing. These elements have three degrees of
freedom at each node. The finite element model
includes 2584 nodes and 6375 solid finite elements
in total. The structure is assumed to be fixed to the
ground.

Table 1. Geometrical properties of RC structure

Column dimensions 30cmx45cm
Column height 4m

Beam dimensions 30cmx45cm
Slab thickness 15cm
Foundation thickness 50cm

Table 2. Material properties of the cited RC structure [10]

Material Concrete
Class C25
Modulus of Elasticity 30GPa
Poisson Ratio 0.20
Unit weight of concrete 24KkN/m?3

Table 3. Comparison of modal analysis results

Mode Modal Modal Difference <%6
number | frequency | frequency (%)
(MATLAB | (ANSYS)
PDE
Toolbox)
1 1.49 141 5.60 v
2 1.80 1.86 3.33 v
3 2.42 2.50 3.33 v
4 4.57 451 1.30 v
5 5.65 5.89 4.20 v
6 7.43 7.84 5.50 v

I1l. RESULTS

Free vibration analyses for the five-storey RC
structure were performed with both MATLAB PDE
toolbox and ANSYS software. The analysis results
are shown in Fig.3 and Fig.4, respectively. As can
be seen from Fig.3 and Fig.4, the first mode of the
structure is displacement in x direction, the second
mode is displacement in y direction and the third
mode is the torsion mode. By examining Figs. 3 and

4, it can be clearly seen that according to the
analysis performed in MATLAB PDE toolbox, the
frequency of the first, second, third, fourth, fifth and
the sixth mode are 1.4985Hz, 1.8027Hz, 2.421Hz,
4.5758Hz, 5.6562Hz and 7. 4344Hz, respectively.
Also, the same examination (Figs. 3 and 4) of
ANSYS reveals for the frequency of the first,
second, third, fourth, fifth and the sixth mode are
1.4187Hz, 1.8677Hz, 2.501Hz, 4.51Hz, 5.8918Hz,
7.8424Hz, respectively.
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Fig. 3 Mode shapes and frequencies of RC structure (from MATLAB PDE Toolbox)
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Fig. 4 Mode shapes and frequencies of RC structure (from ANSY'S)
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IvV.DISCUSSION

Table 3 was prepared by examining the results
given in Figs. 3 and 4 together. Table 3 shows the
comparison of modal frequencies of the five-storey
RC structure obtained from MATLAB PDE
Toolbox and ANSYS. It is seen that the difference
between the results of these cited softwares is less
than 6%. This difference is thought to be due to
reason that the number of finite elements and
meshing properties are different.

V. CONCLUSION

In this study, the free vibration analysis of a five-
story RC structure is carried out by FEM. The
analyses were performed both with MATLAB PDE
toolbox and ANSYS software. As a result of the
analysis, mode shapes and frequencies of the cited
structure were obtained. It is seen that the mode
shapes are in the form of displacement in x direction
in the first mode, displacement in y direction in the
second mode and torsion in the third mode. This is
consistent with the literature. Also, similar
numerical and visual results were obtained in both
software. The difference between the frequencies is
less than 6% and this difference is due to number
and properties of finite element meshing. According
to these obtained results, it can be deducted that
MATLAB PDE Toolbox can be utilized in

structural analysis of building type of RC structures.
However, the results obtained in this study belong
to one specific building type of RC structure.
Therefore, the number of analysis and building
types should be increased in order to generalize the
results.
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